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Abstract
Background: Diabetes disproportionately affects Latinos. However, examining Latinos as one
group obscures important intra-group differences. This study examined how generational status,
duration of US residence, and language preference are associated with diabetes prevalence and to
what extent these explain the higher prevalence among Latinos.
Methods: We determined nativity, duration of US residence, language preference, and diabetes
prevalence among 11 817 Latino, 6109 black, and 52 184 white participants in the California Men's
Health Study. We combined generational status and residence duration into a single migration
status variable with levels:  third generation; second generation; and immigrant living in the US for
> 25, 16-25, 11-15, or  10 years. Language preference was defined as language in which the
participant took the survey. Logistic regression models were specified to assess the associations of
dependent variables with prevalent diabetes.
Results:  Diabetes prevalence was 22%, 23%, and 11% among Latinos, blacks, and whites,
respectively. In age-adjusted models, we observed a gradient of risk of diabetes by migration status
among Latinos. Further adjustment for socioeconomic status, obesity and health behaviors only
partially attenuated this gradient. Language preference was a weak predictor of prevalent diabetes
in some models and not significant in others. In multivariate models, we found that odds of diabetes
were higher among US-born Latinos than US-born blacks.
Conclusion:  Generational status and residence duration were associated with diabetes
prevalence among middle-aged Latino men in California. As the Latino population grows, the
burden of diabetes-associated disease is likely to increase and demands public health attention.
Background
Diabetes mellitus is a growing health problem among Lat-
inos in the United States (US). Latinos have a higher prev-
alence and younger age of onset of diabetes than whites.
Among California adults age 50-64, the prevalence of dia-
betes is 22.2% among Latinos, compared to 16.2%
among African-Americans, 10.7% among Asians, and
8.1% among whites [1]. This disparity persists even after
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adjustment for obesity and socioeconomic status. As Lati-
nos are the largest and fastest growing ethnic group in the
US, constituting 14% of the population in 2006 and pro-
jected to constitute 24% by 2050, addressing diabetes
among this ethnic group has huge public health impor-
tance [2]. Data that combine all Latinos into a single
group, however, obscure significant differences that may
exist within this population, particularly among strata
defined by generational status, duration of residence in
the US, or nativity.
Generational status and duration of US residence have
been employed as proxy measures of acculturation. Accul-
turation has been defined as "those phenomena which
result when groups of individuals having different cul-
tures come into continuous first-hand contact, with sub-
sequent changes in the original culture patterns of either
or both groups."[3] Acculturation thus includes patterns
of behavior and social interaction. While multi-item
acculturation scales exist, proxy measures, including gen-
erational status, time since migration (for immigrants);
and language use, a functional measure; have often been
employed in the health literature [4]. As we acknowledge
that acculturation is a multidimensional concept, we do
not claim that our study findings necessarily be inter-
preted as evidence of the associations of acculturation
with health outcomes. Rather, we consider the variables
we employ to be indirect measures of exposure to US life-
styles, behaviors, and environment.
Explanations for ethnic disparities in diabetes prevalence
include differential rates of physical inactivity and diabe-
togenic diet; obesity prevalence; genetic predisposition;
socioeconomic status; and environmental factors. Few
studies, however, have examined how generational status
and duration of residence may explain disparities in dia-
betes prevalence within the Latino population or contrib-
ute to disparities between Latinos and other ethnicities.
Latinos in the US are a very heterogeneous group, includ-
ing recent immigrants whose patterns of health behavior
and health status may markedly differ from those whose
ancestors have lived in the US for multiple generations.
Past cross-sectional studies of the associations between
migration variables and diabetes prevalence had incon-
sistent findings. The purpose of this study was to deter-
mine how generational status, residence duration, and
language preference are related to diabetes prevalence
among middle-aged Latino men who participated in the
California Men's Health Study (CMHS) cohort and to
examine the extent to which these variables explain dis-
parities in diabetes prevalence between Latinos, whites,
and blacks.
Methods
Study Population
A description of the California Men's Health Study
(CMHS) cohort, recruitment, and data collection meth-
ods has been reported previously [5]. Briefly, the cohort
consists of 84 170 Northern and Southern California Kai-
ser Permanente (KP) members who completed mailed
questionnaires in 2002 to 2003. The survey collected
demographic characteristics (birthplace of respondent
and his parents, and for immigrants, time since migra-
tion), health status, and life-style behaviors. Participants
were men ages 45 to 69 years and who had been KP mem-
bers for at least one year at the time of the first mailing. We
have previously examined response bias and found that
CMHS participants were similar to non-participant KP
members of the same age. In particular, the prevalence of
diabetes mellitus was nearly identical (13.5% for partici-
pants versus 13.6% for non-participants) [5]. We have
also previously found the demographic characteristics of
CMHS participants to be similar to those of male partici-
pants in the California Health Interview Survey, a popula-
tion-based telephone survey of 55,000 California
residents in 2001[6]. For the present study, we included
only those respondents who reported their ethnicity as
Latino, black, or white. We excluded 2075 CMHS partici-
pants who did not complete questions on ethnicity, birth
place, or current weight and height. The cohort for the
present analysis comprised 11,817 Latinos, 6109 blacks
and 52,184 whites. Informed consent was obtained from
all survey participants. This study was approved by the
Institutional Review Boards of Kaiser Permanente North-
ern and Southern California.
Measures of Ethnicity and Migration Status
CMHS allowed respondents to report one or more ethnic-
ities. We defined as Latino all respondents who selected
"Mexican, Central, South American, or other Hispanic,"
regardless of other ethnicities reported. We defined as
white all respondents who selected "White-European" or
"White-Middle Eastern" and did not also report Latino
ethnicity. We defined as black all respondents who
selected "Black or African-American" and did not also
select Latino ethnicity. Among the 11,817 Latinos in our
cohort, 7.6% also reported white ethnicity, 0.6% also
reported black ethnicity (including 0.2% who reported
black and white), and 2.2% reported other ethnicities.
Country of origin was coded as U.S., Mexico, or other.
The survey assessed place of birth of the respondent and
his parents, duration of residence in the US and language
in which the respondent chose to take the survey. Gener-
ational status was defined as "immigrant" if a respondent
reported birth outside the US, "second" if a respondent
was born in the US and at least one parent was foreign-
born, and "third or greater" if a respondent and both par-BMC Public Health 2009, 9:392 http://www.biomedcentral.com/1471-2458/9/392
Page 3 of 11
(page number not for citation purposes)
ents were US-born. We combined generational status and
duration of residence into a single 6-category migration
status variable, with levels:  third generation; second gen-
eration; and immigrant living in the US for > 25, 16-25,
11-15, or  10 years. Language preference was defined as
the language in which the study subject chose to complete
the survey.
Ascertainment of Diabetes
Diabetes was defined as survey self-report of diabetes mel-
litus or inclusion in the KP Diabetes Registries. The regis-
try, for which methods have been described previously,
has served as the basis for numerous epidemiology and
health services studies [7-15]. In brief, registry eligibility is
based on multiple sources of data including diabetes med-
ication prescriptions, HbA1C levels, and outpatient,
emergency room and hospitalization diagnoses. The reg-
istry was 99.5% sensitive for diagnosed diabetes, com-
pared with self-report, as of January 2003.
Assessment of Covariates
Covariates were self-reported on the CMHS survey. Cov-
ariates included age, income, educational attainment,
body mass index (calculated from self-reported weight
and height), physical activity (quartiles), alcohol con-
sumption (quartiles), total daily calories (quartiles), and
percent of calories from fat (quartiles). We chose these
behaviors, as well as body mass index, because they are
known to be associated with diabetes [16-18]. We
assessed diet with a detailed semi-quantitative food-fre-
quency questionnaire adapted from a questionnaire
developed for the Women's Health Initiative and other
studies, [19-21] modified to men's studies of prostate
health [22]. We assessed physical activity with questions
adapted from the CARDIA Physical Activity History
(PAH) [23-25] that queried the men about the frequency
and duration of their participation in specific types of
moderate and vigorous recreational, household, and
work-related activities. The CARDIA PAH has indirect
validity against aerobic capacity and percent body fat
[23,25] and a strong inverse relationship with most cardi-
ovascular disease risk factors [26,27]. The CARDIA PAH
provides summary scores in units of MET-minutes/week,
derived by multiplying intensity of activity by frequency
and duration, and summing over all activities. BMI was
calculated from reported height and weight (weight in kil-
ograms divided by the square of height in meters (kg/m2).
We have previously compared BMI calculated from the
CMHS self-reported data with BMI as recorded in medical
records and found that over 80% of participants were clas-
sified into the same BMI category (i.e. normal weight,
overweight, obesity class I, etc) by both sources, and
99.4% were classified into the same or adjacent categories
[5].
Analyses
We determined frequency of baseline characteristics
among respondents of each ethnicity (Table 1), and
among Latinos stratified by migration status and language
preference (Table 2). Chi-squared or ANOVA was per-
formed, as appropriate, to test for significant differences
between groups. Logistic regression models were then
specified to assess the association of migration status and
language preference with prevalent diabetes among Lati-
nos (Table 3). We first specified separate age-adjusted
models of the effect of each variable on prevalent diabetes
(Model 1). We then ran two additional sets of models in
order to determine if significant differences were attribut-
able to differences in socioeconomic status or health-
related behaviors between groups. Model 2 controlled for
age and socioeconomic status (income, educational
attainment, employment status). Model 3 controlled for
all variables of Model 2, as well as body mass index, phys-
ical activity, alcohol consumption, total daily calories,
and percent of calories from fat.
In a final set of analyses (Table 4), we examined dispari-
ties in diabetes prevalence between US-born whites and
blacks, and Latinos stratified by migration status. The pur-
pose of these analyses was to examine how changes in the
demographic distribution of Latinos, as the US-born pop-
ulation of Latinos grows, will affect diabetes prevalence
compared to whites and blacks, who are largely US-born.
We omitted foreign-born blacks and whites from analysis
because small numbers in cells precluded meaningful
analysis. Age was entered into multivariate models as a
continuous variable. All other variables were entered as
categorical variables. Migration status was entered into
logistic regression models as a categorical variable. We
employed the Proc Logistic function in SAS to evaluate
evidence of a linear trend in risk of diabetes by accultura-
tion index. Analyses were performed with SAS version 9.1
(SAS Institute, Cary, NC, USA).
Results
Cohort Characteristics
Characteristics of Latino, black and white CMHS respond-
ents are presented in Table 1. The educational attainment
and income of Latinos was much lower than that of
whites; one fifth of Latinos did not graduate high school,
and 34% had a household income less than $40,000.
Obesity and overweight were common; only 16% of Lati-
nos had a BMI less than 25. Among Latinos, 22% had dia-
betes mellitus, twice the prevalence among whites but
nearly the same (23%) as among blacks.
Table 2 presents characteristics of Latino participants by
generational status, duration of residence, and language
preference. Nearly half of Latinos were immigrants, most
of whom immigrated to the United States more than 25BMC Public Health 2009, 9:392 http://www.biomedcentral.com/1471-2458/9/392
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Table 1: Baseline characteristics by ethnicity: California Men's Health Study.
Latino Black White P value
Total (n) 11 817 6109 52 184
Age (Mean, SD) 57.2 (7.2) 58.8 (6.9) 58.7 (6.8) < 0.0001
Education < 0.0001
Less than high school 21.0 5.3 2.6
High school or GED 18.2 15.8 10.7
Vocational/technical school 7.8 4.9 4.1
Some college 29.1 40.1 30.0
College graduate 23.1 33.3 52.5
Language preference < 0.0001
Spanish 19.4 0.1 0.1
Acculturation index < 0.0001
1st generation, < 10 years 1.5 0.4 0.3
1st generation, 11-15 years 2.6 0.3 0.4
1st generation, 16-25 years 10.1 1.7 1.3
1st generation, > 25 years 29.9 2.5 6.3
2nd generation 14.0 0.3 3.4
3rd generation or greater 41.9 94.9 88.4
Marital status < 0.0001
Married 82.9 73.5 81.2
Never married 4.3 5.6 6.6
Separated/divorced/widowed 12.3 20.3 11.9
Yearly household income ($) < 0.0001
< $20 000 9.2 5.5 3.1
20 000-39 999 25.0 17.8 12.2
40 000-59 999 21.9 21.2 17.6
60 000-79 999 17.6 19.8 18.2
80 000-99 999 9.9 13.5 14.2
 100 000 13.1 19.5 31.0
Body mass index (kg/m2) < 0.0001
< 25 16.4 19.1 25.7
25-29 50.2 46.2 47.4
30-34 23.8 24.5 19.5
35-39 6.8 6.8 5.2
 40 2.7 3.5 2.3
Physical activity (METS-hours/week) < 0.0001
Q1 (< 320) 31.6 36.0 21.6
Q2 (320-1040) 24.4 24.9 25.0
Q3 (1041-2147) 22.0 18.8 26.6
Q4 ( 2148) 21.4 19.8 26.6
Alcohol consumption (gm/day) < 0.0001
None 29.1 36.9 27.1
Q1 (< 2.1) 25.9 22.3 15.4
Q2 (2.1-8.2) 19.0 17.4 17.5
Q3 (8.3-20.8) 14.3 13.2 19.7
Q4 ( 20.9) 11.7 10.2 20.4
Total calories/day < 0.0001
Q1 (< 1447) 37.2 38.8 20.2
Q2 (1447-1990) 23.0 22.8 25.8
Q3 (1991-2618) 19.1 17.4 27.5BMC Public Health 2009, 9:392 http://www.biomedcentral.com/1471-2458/9/392
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years ago. English was the preferred language of 80%.
Prevalence of diabetes increased with generational status
and duration of residence (range, 12.1 to 23.8%), while
English language preference was associated with only a
small difference in diabetes prevalence (20.3% vs.
22.6%). There was a strong income gradient by genera-
tional status, duration of residence and language prefer-
ence, with 5% of third generation men earning less than
$20,000 year compared to 25% of those who immigrated
within the past 10 years. These income frequencies by lan-
guage were 6% and 23% for English and Spanish speakers,
respectively. A similar gradient was observed in educa-
tional attainment, with US-born subjects more likely to
have graduated high school than immigrants. Only 13%
of English speakers were not high school graduates, com-
pared to almost 56% of those who preferred Spanish. The
percentage of college graduates was greatest among those
who immigrated in the past 10 years (42.5%) and
decreased among immigrants with longer time since
migration.
In age-adjusted models, we observed a gradient of risk of
diabetes with increasing levels of migration status (Table
3). Additional adjustment for socioeconomic status
increased the magnitude of effect. Further adjustment for
obesity and health behaviors accounted for some of the
migration-related differences in diabetes prevalence, but
the same gradient of risk across migration status
remained, albeit with a borderline test for trend (p =
0.09). Language preference was not significantly associ-
ated with prevalent diabetes in age-adjusted models, (OR
= 1.08, 95% confidence interval (CI) 0.96, 1.21, p = 0.19),
though it was associated with a modest increased risk in
models that additionally controlled for SES, obesity, and
health behaviors. When migration status and language
preference were entered into multivariate models
together, language preference was no longer a significant
predictor, and the magnitude and significance of effect of
migration status on diabetes prevalence was no different
than in models without language preference. Hence, we
present models of migration status and language prefer-
ence separately in Table 3.
We then ran a series of models to examine the extent to
which migration status explains disparities between Lati-
nos, blacks, and whites in diabetes prevalence (Table 4).
We found that odds of diabetes were higher among US-
born Latinos than US-born Blacks, as compared with US-
born whites, in all models (p < 0.01 for Model 1, p = 0.03
for Model 2, p = 0.001 for Model 3). In the full multivar-
iate model, US-born Latinos had an OR 2.17 (95% CI
2.03, 2.33) while US-born blacks had an OR 1.82 (95% CI
1.68, 1.96). Further, we found that in our full model,
those Latinos with the shortest duration of residence,
immigrants in the US < 10 years, had an OR 1.3 (95% CI
0.81, 2.10), which was not significantly different from US-
born whites. This lack of statistical significance may be
due to the small number of men (n = 174) in the < 10 year
group.
Discussion
We found that migration status (i.e. higher generational
status and longer duration of US residence) was associ-
ated with prevalence of diabetes among middle-aged Lat-
ino men in California. These differences were partially
attributable to increases in obesity and diabetogenic diet
(i.e. more calories consumed and higher percent of calo-
ries from fat) with higher migration status, although the
test for trend was of borderline significance. This suggests
that other, unmeasured factors are also responsible for the
Q4 ( 2619) 20.7 21.1 26.5
% calories from fat < 0.0001
Q1 (< 29.6) 24.1 22.5 25.6
Q2 (29.6-34.9) 25.0 23.1 25.0
Q3 (35.0-40.1) 26.7 26.6 24.9
Q4 ( 40.2) 24.2 27.8 24.6
Hypertension 40.1 59.5 40.4 < 0.0001
Dyslipidemia 64.8 67.4 67.0 < 0.0001
Depression 10.2 7.2 12.9 < 0.0001
Current smoker 15.4 18.2 9.8 < 0.0001
Diabetes 22.2 23.0 11.4 < 0.0001
With the exception of the first two rows (total number of subjects in each group, mean age with standard deviation), we present data as % of 
subjects of each ethnicity with the characteristic listed.
Table 1: Baseline characteristics by ethnicity: California Men's Health Study. (Continued)BMC Public Health 2009, 9:392 http://www.biomedcentral.com/1471-2458/9/392
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Table 2: Percentage distribution of participant characteristics by language preference and acculturation index among 11,817 Latinos: 
CMHS.
Language preference Acculturation Index
1st Gen-Years since migration US-born
Span Eng P < 10 y 11-15 y 16-25 y > 25 y 2nd Gen  3rd Gen P
Total (n (%)) 2296 (19.4) 9521 (80.6) 174 (1.5) 309 (2.6) 1189 (10.1) 3538 (29.9) 1648 (14.0) 4954 (41.9)
Age (Mean, SD) 56.4 57.4 < .001 53.6 52.5 53.3 57.8 60.8 57.0 < .001
Education < .001 < .001
Less than high 
school
55.6 12.6 21.8 30.1 41.3 34.9 12.4 8.3
High school or GED 12.3 19.7 10.3 9.1 10.8 16.1 21.6 21.2
Vocational/technical 
school
9.8 7.3 12.1 7.4 9.3 9.6 6.1 6.4
Some college 8.1 34.2 12.1 14.2 15.7 20.6 35.6 37.9
College graduate 12.3 25.7 42.5 37.5 21.3 17.7 23.6 25.8
Marital status < .001 < .001
Married 87.1 81.9 82.2 86.7 86.1 86.1 83.0 79.5
Never married 2.2 4.8 5.8 2.6 3.6 2.9 4.3 5.5
Separated/divorced/
widowed
9.5 13.0 12.1 10.0 9.6 10.3 12.3 14.6
Yearly household 
income ($)
< .001 < .001
< $20 000 23.1 5.85 25.9 17.2 17.1 12.2 6.2 5.0
20 000-39 999 45.7 20.0 42.5 42.1 41.4 29.3 23.4 16.8
40 000-59 999 19.3 22.6 20.1 24.6 20.9 22.9 21.5 21.7
60 000-79 999 6.1 20.4 3.5 8.1 10.3 14.9 19.1 22.0
80 000-99 999 1.9 11.9 4.6 3.2 4.3 7.6 11.5 13.1
 100 000 0.9 16.1 1.7 3.2 3.9 10.1 14.1 18.3
Body mass index 
(kg/m2)
< .001 < .001
< 25 16.4 16.4 25.3 23.3 17.8 18.4 14.9 14.6
25-29 53.6 49.4 52.3 52.1 53.2 53.8 49.9 46.8
30-34 23.3 24.0 18.4 17.8 22.1 21.6 24.8 26.1
35-39 5.1 7.3 3.5 4.5 5.3 4.6 7.7 8.8
 40 1.7 2.9 0.6 2.3 1.5 1.6 2.8 3.7
Physical activity 
(METS-hours/week)
< .001 < .001
Q1 (< 320) 46.5 29.4 40.2 48.5 41.6 36.9 26.1 28.5
Q2 (320-1040) 23.8 24.5 24.1 22.3 25.9 24.9 23.3 24.1
Q3 (1041-2147) 16.1 22.5 17.2 15.2 16.7 20.2 24.1 22.7
Q4 ( 2148) 11.1 23.4 16.7 13.3 13.4 17.0 26.2 24.5
Alcohol 
consumption 
(gm/day)
< .001 < .001
None 28.3 29.3 27.6 25.6 29.1 26.4 30.5 30.9
Q1 (< 2.1) 39.5 24.0 37.9 42.4 35.3 30.7 22.9 22.4
Q2 (2.1-8.2) 18.2 18.8 22.4 19.1 19.3 19.7 16.4 18.4
Q3 (8.3-20.8) 8.6 15.2 9.2 9.1 10.3 13.3 15.8 15.1
Q4 ( 20.9) 5.4 12.7 2.9 3.9 6.0 9.9 14.3 13.3
Total calories/day < .001 < .001
Q1 (< 1447) 51.5 35.5 43.7 46.0 47.4 44.8 37.3 31.8BMC Public Health 2009, 9:392 http://www.biomedcentral.com/1471-2458/9/392
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observed association between migration status and diabe-
tes prevalence. We observed a gradient of progressively
increased risk with higher migration status. Language
preference was a weak predictor of diabetes in some mod-
els, and not predictive in others.
There are several explanations for our finding that migra-
tion status is associated with diabetes prevalence. First, we
found that obesity and diabetogenic diet increased among
Latinos with higher migration status, and that adjustment
for these variables partially explains the migration-associ-
ated risk for diabetes. Higher prevalence of obesity is a
direct mechanism through which exposure to the US envi-
ronment may lead to changes in behaviors that are associ-
ated with diabetes. However, our data suggest additional
factors are at play since our results were robust, even after
adjusting for BMI (and many other factors). As Latinos
live in the US for a longer duration of time, culture shifts
may occur, with consequent changes in dietary prefer-
ences and patterns. It is possible that other dietary factors,
such as carbohydrate intake and glycemic index, may
change with migration status and explain the differences
we observed with migration status [28]. Other studies
have similarly found that length of time living in the
United States, but not language, are associated with obes-
ity [29-33]. Second, acculturative stress, which is the stress
associated with adjusting to a new social environment
[34], or the stress associated with perceived discrimina-
tion against minorities and immigrants, may cause
chronic physiological changes that lead to increased risk
of diabetes [35-42]. The cumulative effects of years of
acculturative stress might lead to increased risk of diabe-
Q2 (1447-1990) 19.1 23.4 25.3 21.7 19.5 21.5 22.5 24.1
Q3 (1991-2618) 13.9 19.6 12.6 15.9 15.7 17.4 18.7 20.3
Q4 ( 2619) 15.6 21.5 18.4 16.5 17.3 16.4 21.6 23.9
% calories from fat < .001 < .001
Q1 (< 29.6) 27.1 22.9 24.7 26.9 28.5 28.2 22.4 19.6
Q2 (29.6-34.9) 27.1 24.5 34.5 27.8 27.1 28.7 23.8 21.8
Q3 (35.0-40.1) 28.1 26.1 26.4 30.1 27.5 25.3 25.4 27.3
Q4 ( 40.2) 17.6 26.5 14.4 15.2 16.9 17.8 28.4 31.4
Hypertension 32.7 41.9 < .001 24.7 23.0 28.3 38.6 45.8 43.8 < .001
Dyslipidemia 59.7 66.0 < .001 53.5 58.9 57.4 65.7 68.0 65.7 < .001
Depression 11.4 10.0 .04 10.3 11.3 12.1 10.7 8.4 10.0 0.11
Current smoker 23.7 13.4 < .001 24.7 16.8 19.3 17.4 13.5 13.2 < .001
Diabetes 2 0 . 32 2 . 6. 0 2 1 2 . 1 1 3 . 3 1 6 . 72 1 . 32 5 . 52 3 . 8<  . 0 0 1
Span: Spanish. Eng: English. Gen: Generation.
Table 2: Percentage distribution of participant characteristics by language preference and acculturation index among 11,817 Latinos: 
CMHS. (Continued)
Table 3: Logistic regression models of prevalent diabetes mellitus, by acculturation among Latinos.
Model 1: Age-Adjusted Model 2: Age, SES-Adjusted Model 3: Full Model
N OR (95% CI) Ptrend OR (95% CI) Ptrend OR (95% CI) Ptrend
Acculturation Index 0.0001 < 0.0001 0.09
 10 y, imm 174 0.55 (0.35, 0.88) 0.49 (0.31, 0.79) 0.62 (0.38, 1.02)
11-15 y imm 309 0.63 (0.45, 0.88) 0.58 (0.41, 0.83) 0.67 (0.46, 0.96)
16-25 y, imm 1189 0.80 (0.67, 0.95) 0.70 (0.58, 0.84) 0.85 (0.70, 1.03)
> 25 y, imm 3538 0.82 (0.74, 0.91) 0.77 (0.69, 0.87) 0.94 (0.83, 1.06)
2nd Gen
 3rd Gen
1648
4954
0.88 (0.77, 1.01)
1.0 (reference)
0.89 (0.78, 1.02)
1.0 (reference)
0.93 (0.81, 1.08)
1.0 (reference)
Language 0.19 0.005 0.03
Spanish 2296 1.0 (reference) 1.0 (reference) 1.0 (reference)
English 9521 1.08 (0.96, 1.21) 1.22 (1.0, 1.39) 1.17 (1.01, 1.35)
Model 1 adjusts for age. Model 2 adjusts for age, income, and educational attainment. Model 3 (Full Multivariate Model) adjusts for age, income, 
educational attainment, body mass index, physical activity, alcohol consumption, total calories, and % of total calories from fat. Imm: immigrant.BMC Public Health 2009, 9:392 http://www.biomedcentral.com/1471-2458/9/392
Page 8 of 11
(page number not for citation purposes)
tes, which would explain an increase in diabetes preva-
lence with increased time lived in the US. Acculturative
stress was associated with poorer health among 3012
Mexican-origin adults,[41] and with higher levels of anxi-
ety and depression symptoms among 148 Latino college
students [43]. It is possible that levels of stress, or cumu-
lative exposure to stress, differs by migration status. If this
is the case, acculturative stress might explain some com-
ponent of differences in diabetes prevalence associated
with migration status. As CMHS did not collect data on
stress, we are unable to test this hypothesis. Third, it is
possible that recent Latino immigrants who develop dia-
betes are more likely to return to their countries of origin,
and thus may not have participated in the CMHS cohort.
This bias, operating like the "salmon bias" which has been
hypothesized to account for observed lower mortality
among some groups of foreign-born than US-born Lati-
nos, may similarly account for the lower diabetes preva-
lence observed among foreign-born than US-born
Latinos[44]. Additionally, the healthy migrant effect,
which is the concept that people who are healthy are able
to migrate while those who are not healthy remain in their
place of origin, might explain lower prevalence of diabetes
among more recent migrants. As we only have data on
men who were Kaiser Permanente members, and who
were therefore living in the United States at the time of the
study, we cannot evaluate either the healthy migrant effect
or salmon bias as potential explanations for our findings.
The few cross-sectional studies to examine the association
between acculturation, including proxy measures (nativ-
ity, generational status, duration of residence) and func-
tional measures (language ability and preference) and
diabetes prevalence among Latinos in the United States
have had mixed results. NHANES 1999-2002 [45] and the
San Antonio Heart Study [46,47] (SAHS, 1979-1982)
found that low acculturation, as measured by language
(NHANES) and functional integration, cultural values,
and family attitude scales (SAHS), was associated with
increased odds of diabetes. Proyecto VER, a study con-
ducted among Hispanics in Arizona, found that lower
generational status and Spanish language preference, as
assessed with a Hispanic Health and Nutrition Examina-
tion Survey (HHANES)-based scale, was associated with
higher diabetes prevalence [48]. A study of gestational
diabetes found that foreign birth was associated with
lower prevalence of gestational diabetes among Mexican-
American women but higher prevalence among women
from Puerto Rico and Central and South America [49]. It
is likely that some of the divergence in study findings is
due to cohort effect. Data from the San Antonio Heart
Study were collected in the 1980s, when the rates of obes-
ity and diabetes in the United States were much lower
than at present. The culture to which immigrant Latinos
adapt, including normative diet and physical activity
behaviors, has changed in the past 20 years. It is also pos-
sible that the divergent findings of previous studies were
due to the use of different measures.
Our study has several strengths. We present contemporary
(2002-2003) data on a large sample of Latino men in a
state with one of the largest Latino populations. Our study
sample is drawn from an insured population and is repre-
sentative of the general population, with the exception of
the indigent. Further, our population has uniform access
to care, so findings are less likely to be biased by underas-
certainment of diabetes among those of low socioeco-
nomic status, as is the case in the general population.
This study has several limitations. Our findings cannot
necessarily be generalized to women. Gender differences
in patterns of obesity associated with acculturation
[30,47] may translate into gender differences in associa-
tions between migration and diabetes. The CMHS was not
Table 4: Adjusted models of prevalent diabetes mellitus, by acculturation among Latinos and among US-born blacks and whites.
Model 1: Age-Adjusted Model 2: Age, SES-Adjusted Model 3: Full Model
N OR (95% CI) Ptrend OR (95% CI) Ptrend OR (95% CI) Ptrend
US-born
Whites
1.0 (reference) < 0.0001 1.0 < 0.0001 1.0 < 0.0001
US-born
Blacks
Latinos
2.37 (2.21, 2.53) 2.12 (1.97, 2.27) 1.82 (1.68, 1.96)
 10 y, imm 174 1.44 (0.91, 2.28) 1.15 (0.72, 1.83) 1.30 (0.81, 2.10)
11-15 y imm 309 1.73 (1.24, 2.41) 1.42 (1.01, 1.99) 1.47 (1.03, 2.09)
16-25 y imm 1189 2.17 (1.85, 2.54) 1.63 (1.37, 1.92) 1.81 (1.51, 2.15)
> 25 y imm 3538 2.26 (2.07, 2.46) 1.80 (1.63, 1.98) 2.04 (1.84, 2.26)
US-born 6602 2.66 (2.49, 2.83) 2.32 (2.17, 2.49) 2.17 (2.03, 2.33)
Model 1 adjusts for age. Model 2 adjusts for age, income, and educational attainment. Model 3 (Full Multivariate Model) adjusts for age, income, 
educational attainment, body mass index, physical activity, alcohol consumption, total calories, and % of total calories from fat. Imm: immigrant.BMC Public Health 2009, 9:392 http://www.biomedcentral.com/1471-2458/9/392
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designed primarily to examine migration, and we were
limited to what measures were collected, which allow us
only a linear measure of migration status. The concept of
acculturation more fully captures the process by which
immigrants' values, behaviors, and beliefs may encom-
pass both those of their country of origin as well as those
of the country to which they migrate. Acculturation is a
multifaceted construct, including language use, orienta-
tion towards Latino or mainstream US culture, and behav-
iors or preferences in friends, music, diet, and other life
domains. These behaviors and attitudes in turn impact
lifestyle risk factors, including exercise and diet. Ideally,
research into how migration affects health would employ
multidimensional measures [50] and validated scales of
acculturation and related concepts [51-54]. Despite this
limitation, we found clear monotonic trends in the asso-
ciation between our measures of migration status and dia-
betes, even after adjustment for socioeconomic status and
body mass index. If it is in fact the case that our proxy
measure of migration status is not perfectly correlated
with a validated measure of exposure to US environment
and culture, this would have created a conservative bias in
our analysis; that is, we would observe a weaker associa-
tion (odds ratio closer to 1.0) than is true. Our measure of
language preference was the language in which a respond-
ent chose to take the survey. We did not have a measure of
language ability or language preference in different situa-
tions. In addition, our study was cross-sectional and we
had no information on duration of diabetes or assessment
of language preference at the time of diabetes incidence.
Finally, our study, as with all survey studies, relied on self-
report of physical activity, diet, and alcohol consumption.
If it were the case that accuracy of reporting varied by lan-
guage preference or acculturation index, this would be a
source of bias. However, there is no data to suggest differ-
ential reporting bias by level of acculturation. Further, our
findings are in the same direction and of similar magni-
tude whether we employ the full multivariate model or
the model adjusting only for age and socioeconomic sta-
tus.
Conclusion
Our findings have implications for public health and clin-
ical medicine. We found a doubling in diabetes preva-
lence among Latinos who have been in the US over 25
years compared to those who immigrated within the past
10. The risk of diabetes was higher among US-born Lati-
nos than US-born blacks in all models. On the other
hand, the most recently immigrated Latinos had a risk of
diabetes that was similar to that for US-born whites. As
the US-born population of Latinos increases, this por-
tends a worsening of the diabetes epidemic among Lati-
nos to levels higher than the already alarming levels
among blacks. Our finding that changes in obesity, diet,
and physical activity only partially explain this elevated
diabetes prevalence, however, points to the need for
investigation into other factors that change with increased
exposure to life in the US. For instance, the role of changes
in particular dietary parameters, in acculturative or other
stress, and in return migration to the country of origin as
potential explanations for changes in diabetes prevalence
deserve investigation. Further, studies should be con-
ducted among women, as well as across the lifespan, to
determine if explanatory factors vary across the life course.
Research on diabetes and obesity among Latinos needs to
account for migration status, as differences among popu-
lations may result in very different patterns of disease. We
were unable to locate any prospective studies of the influ-
ence of migration status or measures of acculturation on
diabetes incidence among Latinos. Prospective investiga-
tion of those factors responsible for the difference in risk
between highest and lowest acculturated Latinos will be
essential to stemming the problem of diabetes in the Lat-
ino community. It is possible that some of the health-
related beliefs or practices among more recent Latino
migrants might be leveraged in the design of interventions
to prevent an increase in diabetes prevalence in Latino
populations.
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